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CURRENT AND RECENT MOVEMENT ON THE
SAN ANDREAS FAULT

By Buford K. Meade and James B. Small

U.S. Coast and Geodetic Survey, Rockville, Maryland

PART 1. HORIZONTAL MOVEMENT

By B. K. Meade

Chief, Trlangulatlon Branch, U.S. Coast and Geodetic Survey

A general program for the study of horizontal

crustal movement in California was started by the

U.S. Coast and Geodetic Survey about 1930. The
areas selected for these studies were based on the rec-

ommendations of geologists, seismologists, engineers,

and geodesists.

After the San Francisco earthquake of 1906, the

primary network of triangulation in the area, orig-

inally observed in 1880-1885, was reobserved to de-

termine the extent of horizontal movement. The net-

work was reobserved again in 1922. Results obtained

from these repeat surveys disclosed conclusively that

relative movement between points could be detected

in areas of seismic activity.

The survey networks observed for the study of

horizontal movement were established at various places

along the major faults. These networks have been

reobserved at periodic intervals, and horizontal move-
ment is disclosed b\' changes in the final coordinates

at each station in the net. The results which indicate

movements are alwa\s given in relative terms. On op-
posite sides of a fault, the relative movement between
points may be either right or left lateral. Right-lateral

movement is indicated when the azimuth between two
points is increased, or the line joining the points ro-

tates in a clockwise direction. When the azimuth is

decreased, relative movement between the points is

left lateral or counterclockwise.

In each area along the San Andreas fault where the

surveys have indicated movement, the direction of
movement has been right lateral. That is, the west side

of the fault has moved northwest relative to the east

side, or the east side has moved southeast relative to

the west side. Table 1 shows the dates of survev and
indicated annual rate of movement at various localities

from Point Reyes to El Centro. \ summary of the

results at each numbered locality is given in the cor-

respondingly numbered paragraphs that follow.

Toble I. Ann <al rate of movement along San Andreas fault

at localities discussed in text.
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(1). Point R*y«» to Petolumo

This network starting at Point Rc\es on the coast

extends northcastw ard across the San Andreas fault to

Fetalunia. The net was cstal)lishcd in 1930 and was

reobscrvcd in 193H and again in 1960. Results of these

surve\s indicate that relative movement between

points near and on opposite sides of the fault was

on the order of 2 cm per year for the period from

1930 to 193S. During the interval from 1938 to 1960

the annual rate of movement was about 1 cm.

(2). Vicinity of Hayward

Surveys for the study of horizontal movement were
established in this area in 1951. This network of tri-

angles, with sides 9 to 12 km in length, straddles the

Calaveras and Havuard faults, and the San Andreas

fault extends along the western side of the area. Hori-

zontal movement between surve\s of 1951 and 1963 is

indicated by vectors in figure 1. These results are

based on least-sijuare adjustments using the same con-

trol for each set of observations. The geographic posi-

tion of station IS was held fixed in the adjustment and
also the azimuth and length of the line to station 17.

Adjusted results of the 1957 surve\- are in ver\- close

agreement with results obtained from the 1963 obser-

\ ations. 1 here is no indication of any significant move-
ment during this 6-\ear period.

The quadrilateral involving stations 17, 18, 19, and
20 was first observed in 1882, and observations were
repeated in 1906, 1922, and 1947. Results from these

observations showed that station 19 moved north-

westerl\- about 5 cm per year during the period 1882-

1947. During this same 65->ear period, station 20

moved southeasterly' about 2 cm per year (Whitten,

1949).

Results of the 1951 and 1963 survc\s show that

stations 19 and 20 moved northwcsterK' about the

same amount, 6 cm per \ear, during this 12-year pe-

VICINITY OF HAYWARD. CALIFORNIA

tlofiiontol movtiMni b*t»««n 1951 and 1963

Scol« of vwtor* n mtlart

I 2

Figure 1. Trianeulotion network extending from Mount Tafflolpaii to Mount Ow, showing omount of horizontal movement between 1951 and 1963.
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riod. The movement indicated at stations 19 and 20

is relative to the control stations 17-18, and part of

this movement could be due to a change in the orien-

tation of the figure. Final data for each survey are

based on the assumption that the azimuth of the con-

trol line did not change.

The magnitude of the vectors at points near and on

opposite sides of the Hayward fault indicates relative

movement of about 0.3 m for the 12-year period or an

annual rate of 2.5 cm. The change in the direction

of the vectors indicates a possibilit}' of compression

in this area.

For future studies of horizontal movement, the

Coast and Geodetic Survey has made tentative plans

to establish two small nets straddling the Hayward
fault in this area. The sides of these figures will be

200 to 400 m in length. Three nets of this type, two
straddling the Ha\\\ard fault and one the Calaveras

fault, were established in this area in 1965. Surveys

involving these nets are described under a cooperative

project \\ ith the California Department of Water Re-
sources.

(3). Vicinity of Monterey Boy

This net extends from the coast at Monterey Ba\-

northeast\\ard through Salinas and crosses the San

Andreas fault near Hollister. Observations were first

made in 1930 and repeat observations were made in

1951 and 1962. Results of the surveys show the same
rate of movement during the two intervals, 1930-1951

and 1951-1962. During each of these periods, the an-

nual rate of mo\ement was 1.6 cm between points on
opposite sides of the fault.

LATITUDE 36- 45' \ ^ppm^E
LONGITUDE 121' 23

J

W. A. TATLOR WINERY \/\j

VICINITY OF HOLLISTER, CALIFORNIA

Horizontal movement between 1957 ond 1963
Xv
^

Figure 2. Quadrilateral near winery south of Hollister, showing
cumulative horizontal movement between 1957 and 1963.

of 1.7 cm between points on opposite sides of the

fault.

The annual rate of movement determined from
these surveys is in close agreement with the rate ob-

tained from creep recorders installed near the winer\"

in 1957 and 1958 (Tocher, 1960).

(4). Vicinity of Hollister

.\ quadrilateral straddling the San .Andreas fault,

with sides approximately 300 m in length, was estab-

lished near a ^\inery south of Hollister in 1957. The
quadrilateral was reobserved in 1959, 1960, 1961, 1962,

and 1963. Relative movement, divided equall\- between
points on opposite sides of the fault, is shown b\'

vectors in figure 2. This relative movement, averaging

1.5 cm per \'ear, is based on the difference between
surveys of 1957 and 1963. However, the difference

between consecutive surveys indicates the movement
is fairh' uniform and on the order of 1.5 cm per year.

The twt) sides parallel to the fault have not shown
any significant change in direction or length. Sides

5-6 and 7-8, perpendicular to the fault, have increased

in azimuth an average of 1 1 seconds per year. The
diagonal 6-8 increased 7.7 cm in length, and the other

diagonal decreased 5.9 cm during the 6-year period

1957-1963.

A resurvey of this figure was completed in June
1965. During the 20-month interval from October
1963 to June 1965, results showed relatixe movement

(5). Salinas River Valley

This triangulation network extending along the San

.Andreas fault from the 36th parallel northwesterly for

a distance of approximatcl>' 100 km was observed in

1944 as an extension of the national horizontal control

net. .An extension of this net in 1962 indicated that

movement had taken place bctw een points on opposite

sides of the fault. In order to determine the extent of

movement in the area, the 1944 network was reob-

served in 1963.

Differences betw een the adjusted results of the 1944

and 1963 observations are indicated b\- vectors in fig-

ure 3. The movement indicated is relative to the fixed

control station, number 11. For all stations on the

western side of the fault, observations made in 1963

were in ver>- close agreement with those of 1944.

Differences between the adjusted lengths and azimuths

of 9 lines crossing the fault are given below. Numbers
identif\ing the lines are shown in figure 3.

The maximum changes in length are on lines cross-

ing and in the general direction of the fault, as indi-

cated under (a). Maximum changes in azimuth are on
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The average value for this displacement is in close

agreement with the length changes under (a), lines in

the direction of and on opposite sides of the fault.

The relative movement determined from results of

the 1944 and 1963 surveys is fairly uniform along the

San Andreas fault in this area. Between points on op-

posite sides of the fault the average relative movement
was 3 cm per year (Aleade, 1965).

(6). San Luis Obispo to Avenol

This triangulation net, about 100 km in length,

crosses the San Andreas fault in the vicinity of Cho-
lame. The original survey was accomplished in 1932

and reobservations were made in 1951 and 1962. For

stations near the fault, the relative movement was 5 cm
for the 20-year interval 1932-1951. During the period

from 1951 to 1962, the relative movement was about

the same as that for 1932-1951.

(7). The 35th Porollel to Cajon Pass

Along the San Andreas fault from the 35th parallel

to Cajon Pass, repeat surveys for the study of crustal

movements have been made in the vicinities of (a)

Maricopa, (b) Gorman, (c) Palmdale, and (d) Cajon

Pass. The various surveys in these areas have not dis-

closed any significant movement.

(8). Imperial Valley, Vicinity of El Centro

The San Andreas fault crosses the middle of this

area which is adjacent to the Mexican border. The
original survey was made in 1935 and resurveys were
made in 1941 and 1954. Large relative movements be-

tween points on opposite sides of the fault were dis-

closed from results of the 1935 and 1941 surveys.

These changes occurred at the time of the severe

earthquake in the area in 1940. The annual rate of

movement between points on opposite sides of the

fault was 3 cm during the period 1941-1954 (Meade,

1963).

Toft-Mojove Area

An extensive triangulation net was established in

1959-60 over the area where the San Andreas, Gar-
lock, White Wolf, and other faults converge. Previous

surveys along the San Andreas fault in this area have
not disclosed significant movements. Along the 35th

parallel from VVheeler Ridge to the east, surveys of

1932, 1952, and 1963 indicate a possibility of left-

lateral movement along the Garlock fault.

A resurvey of this extensive network will furnish

valuable information on crustal movements along the

various faults in this area.

Cooperative Project With Department of V/ater Resources

In cooperation with the California Department of
Water Resources, surveys for the study of crustal

movements were started in 1964 in areas where a pro-

posed aqueduct and its branches parallel or cross

known fault lines. The figures established at these

crossings range in size from 150 by 260 m to 500 by
900 m. A typical net of this type is show n in figure 4.

Seventeen aqueduct-fault crossings of the type

shown in figure 4 were established and observed in

1964. A precise base line was measured and an astro-

nomic azimuth was observed in each net. These nets

are located at various intervals along the major faults

of southern California extending from approximate

position 34.1° N., 117.3° W. to 35.7° N., 120.2° W.
A complete resurvey of each of the 17 nets was com-
pleted during the spring of 1965. Results of the sur-

veys did not show conclusively that horizontal move-
ment had taken place.

Four additional nets of the type mentioned above
were established in the San Francisco Bay area in 1965.

Also another net at the site of the proposed Cedar
Springs Reservoir about 15 miles north of San Bernar-

dino was added to the project early in 1965. It was
surveyed in February' 1965 and again at the end of

the season's work in May 1965. No movement between
surve>s was apparent. Tentative plans have been made
to resurvey each of the 22 nets straddling the faults

at intervals of 1 or 2 years.

Figure 4. A typi

fault crossing.

d triongulati. et about proposed aqueduct-

Along the San Andreas fault from the vicinit\- of

Point Re\es to the 36th parallel, repeat surveys for

the stud\' of crustal movement continue to show right-

lateral movement. From the vicinit\- of the 36th paral-

lel to Cajon Pass these surveys have not disclosed any
significant movement along the fault. In the Imperial

\'aliey the relative movement is in the same direction

and about the same magnitude as that along the fault

from Hayward to the 36th parallel.
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PART 2. VERTICAL MOVEMENT
By J. B. Smoll

Chief, leveling Branch, U.S. Coait and Geodetic Survey

The ("oast and Geodetic Siir\c\ is responsible for

the basic vertical control net of the United States. The

first leveling undertaken in California in the develop-

ment of this net was in 1906. .Xbout 30,000 miles of

first-order leveling and 20,000 miles of second-order

leveling have been undertaken in California, including

the original leveling and releveling to determine ver-

tical changes. California is considered one of the most

difficult areas in u hich to undertake leveling because

of the man\' factors contril)uting to change, .some of

which are: removal of underground water, oil, and

gas; changing moisture content of the soil; fault lines;

earthquakes; tectf)nic and secular changes. To deter-

mine the magnitude of change in an absolute sense, the

releveling needs to be extended to \\ hat are considered

stable areas or to coastal locations where mean sea

level has been determined through ride gauge records.

Often it is difficult to determine w hat areas to consider

stable, since even the survey markers established in

bedrock to serve as anchors are subject to some small

slow changes.

The most concentrated releveling has been in coop-

eration with the California Department of Water Re-
sources in the San Joaquin \'alle\ . Areas of most rapid

subsidence have been w here there is a removal of un-

derground water, oil, or gas. In the San Joaquin \'al-

ley, the maximum subsidence was 22.890 feet from

1943 to 1964 at a location about 10 miles southwest of

Mendota. .Another cone of subsidence in the San Joa-

quin \'alle\- is located in the Delano area. The maxi-

mum subsidence was 11.437 feet from 1930 to 1964

at a location 2 miles north of Earlimart. In the vicinitv

of San Jose, at the southern end of San Krancisco Bay,

the maximun) subsidence from 1912 to 1963 has been

11.2 feet. There has been an accelerated rate of sub-

sidence from 1960 to 1963 with a maximum during

this period of 1.94 feet. Usually the vertical changes

are considered to be subsidence; however, there are

some areas where relevelings indicate some small up-

heaval. One aspect of particular interest in this study

is the movement of marks in bedrock. About 5 miles

southeast of San Jose and w est of the Hayward fault

line, there is a group of bench marks in bedrock which
is classed as ultrabasic. These marks are relatively

stable and have been used as tie marks between the

various levelings because they agree best when check-

ing w ith tidal bench marks at San Francisco. There is

another group of bedrock marks in .\lum Rock Park

which is about 7 miles northeast of San Jose on the

east side of the Hayward fault trace. Between 1948

and 1963, the bedrock marks in .Mum Rock Park

raised about 0.213 foot in relation to those southeast

of San Jose. The various relevelings have shown this

to be a gradual rise. The length of the leveling con-

necting these two groups of marks is about 12 miles.

In the vicinit\' of Lebec, near the San .\ndreas fault,

releveling in 1964 carried from San Pedro indicates an

upheaval of 0.55 foot, and releveling of 1965 indicates

an upheaval of 0.82 foot.

35<

SANTA CRUZ I

GORBAM..'*'
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Cross I in* of lovel ing

Figure S. locations of special levelings established in 1935 across Son Andreas fault between Maricopa and Whitewater.
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In 19.^.>, five lines of leveling were established at

right angles to the San .\ndreas fault (see fig. 5). The
level lines were about 10 miles in length with about

200 bench marks on each line. The marks were estab-

lished appro.\imatel\- 100 feet apart for the first mile

each way from the fault line, 200 feet apart for the

second mile, .^00 feet for the third mile, 400 feet for

the fourth mile, and .'fOO feet for the fifth mile.

The locations at w hich these lines were established

and the dates of the leveling are as follows:

Line
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